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FIG. 19
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SYNCHRONIZATION METHOD IN
DISTRIBUTED WIRELLESS

COMMUNICATION SYSTEM AND
TERMINAL SUPPORTING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2014-01213835, 10-2015-

0003575, 10-2015-0117537 filed 1n the Korean Intellectual
Property Oflice on Sep. 12, 2014, Jan. 9, 2015, and Aug. 20,
2013, the entire contents of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a synchronization method
in a distributed wireless communication system and a ter-
minal supporting the same.

(b) Description of the Related Art

Wireless communication systems may be basically
divided into a synchronous systems and an asynchronous
systems.

A synchronous wireless communication system refers to
a system i1n which terminals operate in accordance with a
common reference time. In a synchronous wireless commus-
nication system, efliciency of the usage of radio resources
can be improved and a system having excellent performance
can be easily designed because a specific operation 1s
performed at a predetermined time. Furthermore, power
consumption of a terminal can be reduced through a power
consumption reduction mode. For example, terminals oper-
ating 1n the power consumption reduction mode may operate
in a reception mode only during a predetermined time, and
the reception units of the terminals may be powered ofl in
the remaimning time, thereby being capable of reducing
power consumption. A terminal which wants to send data to
a terminal operating in the power consumption reduction
mode may send the data or a control message to release the
terminal from power consumption reduction model during a
predetermined reception mode time.

Synchronous wireless communication systems may be
divided into systems using a centralized synchronization
method and systems using a distributed synchromization
method. A representative example of systems using the
centralized synchronization method includes a cellular sys-
tem. In a cellular system, terminals within a cell perform
synchronization based on synchronization signals (or timing
reference signals) provided by a base station. In the distrib-
uted synchronization method, synchronization signals are
not transmitted by a specific device, but terminals within a
network participate 1n the transmission of synchronization
signals to achieve synchronization. Such a distributed syn-
chronization method 1s suitable for a device-to-device
(D2D) communications network or an ad hoc network.

In an asynchronous wireless communication system, ter-
minals perform transmission and reception operations with-
out a predetermined reference time. In an asynchronous
wireless communication system, terminals always monitor a
radio channel 1n order to receive packets from other termi-
nals within a network. IT a packet i1s detected during the
monitoring, terminals estimate the starting point of the
packet using a preamble signal included in the packet and
read information 1n the packet. An asynchronization wireless
communication system can be easily implemented because
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2

there 1s no predetermined reference time, and 1s chiefly used
in systems whose resource efliciency does not need to be
high. However, there 1s a disadvantage in that power con-
sumption 1s high because terminals need to always monitor
a radio channel.

One of the distributed synchronization method may
include the following method. Fach terminal periodically
sends a synchronization signal using 1ts own synchroniza-
tion timing (i.e., reference time). After receiving synchro-
nization signals from surrounding terminals, each terminal
performs 1ts own time synchronization using the recerved
synchronization signal. As a result, all the terminals may
have a common reference time. The synchronization signal
used 1n this case may include a pulse signal, a Zadofl-Chu
(ZC) sequence, an m-sequence, and a chirp signal. In such
a method, 1t 1s assumed that terminals receive synchroniza-
tion signals while sending a synchronization signal. In such
a method, however, 1f terminals are crowded, synchroniza-
tion signals transmitted by the terminals may be received
overlapped. Accordingly, an error may occur in estimating
the reception time ol a synchronization signal, or the esti-
mation of a reception time may be impossible. Furthermore,
in an unlicensed frequency band, 1t the same radio channel
1s used by networks conforming to a diflerent protocol in the
same area, there 1s a problem 1n that a synchronization signal

1s not transmitted or a transmitted synchronization signal
may not be received due to interference.

SUMMARY OF THE INVENTION

The present mvention has been made m an effort to
provide a distributed synchronization method 1n a wireless
communication system.

In accordance with an exemplary embodiment of the
present invention, a synchronization method of a first ter-
minal 1 a distributed wireless communication system 1s
provided. The synchronization method may include splitting
a synchronization period mnto a plurality of backofl slots,
setting a contention window, randomly selecting a backofl
counter using the contention window, checking whether a
channel 1s 1dle during at least one of the plurality of backoil
slots, and changing the backoll counter based on a result of
the check.

Changing the backofl counter may include decreasing the
backofl counter 1f the channel 1s found to be idle, and not
decreasing the backoll counter 11 the channel 1s found to be
busy.

The synchronization method may further include sending
a synchronization signal 11 the value of the backoil counter
1s smaller than a predetermined value.

Setting the contention window may include selecting any
one of integers {0, 1, 2, . . ., CW-1} as the value of the
backofl counter 11 the contention window 1s a CW.

Whether the channel 1s 1dle may be checked through clear
channel assessment (CCA).

The synchronization method may turther include updat-
ing the contention window 1t the value of the first counter 1s
smaller than a predetermined value.

The synchronization method may further include updat-
ing the contention window 1f the channel 1s 1dle for a
predetermined time after sending the synchronization signal.

The synchronization method may further includes setting,
a first counter different from the backofl counter and
decreasing the value of the first counter if the channel 1s 1dle.

Changing the backofl counter may include not decreasing,
the value of the backofl counter i1 the channel 1s found to be
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idle but 1f the transmission of a synchronization signal
cannot be completed during the remaining period of the
synchronization period.

Setting the contention window may include calculating an
average inter-arrival time between first synchronization sig-
nals recerved by the first terminal, calculating an average
contention window of the first terminal and other terminals
using the first synchronization signals, and setting the con-
tention window using the average inter-arrival time and the
average contention window.

The synchronization method may further include control-
ling a synchronization timer using a first synchronization
signal when the first terminal receives the first synchroni-
zation signal from a second terminal.

Controlling the synchronization timer may include chang-
ing the phase of the synchromization timer to a predeter-
mined specific value regardless of the first synchromization
signal 1f the phase of the synchronization timer 1s between
a first value and a second value.

The first synchromization signal may include a backoil
indicator indicative of a point of time at which a frame of the
first terminal 1s started. Controlling the synchronization
timer may include controlling the phase value of the syn-
chronization timer using the phase value of the synchroni-
zation timer corresponding to the backofl indicator.

In accordance with another exemplary embodiment of the
present invention, a synchronization method of a first ter-
minal 1 a distributed wireless communication system 1s
provided. The synchronization method may include receiv-
ing {irst synchronization signals from the first terminal and
second terminals different from the first terminal, calculating
an average inter-arrival time between the first synchroniza-
tion signals, calculating an average contention window of
the second terminals using the first synchronization signals,
setting a first contention window which 1s a contention
window of the first terminal using the average inter-arrival
time and the average contention window, and determining,

whether or not to send a synchronization signal in response
to the first contention window.

Determining whether or not to send the synchronization
signal may include randomly selecting a backoil counter
using the first contention window, decreasing the value of
the backoll counter 11 a channel 1s 1dle during backoil slots
of a plurality of periods split from a synchronization period,
and sending the synchronization signal if the value of the
backofl counter 1s zero.

The synchronization method may further include setting
the value of the backofl counter as a predetermined value
alter sending the synchromization signal, and updating the
first contention window 1f the set value of the backoil
counter 1s Zero.

In accordance with another exemplary embodiment of the
present invention, a terminal 1s provided. The terminal may
include an RF module configured to send and receive a
synchronization signal and a processor configured to split
the synchronization period into a plurality of backofl slots,
randomly select a backofl counter using a contention win-
dow, and decrease the value of the backolil counter if a
channel 1s 1dle during a first backofl slot of the plurality of
backotl slots.

The processor may send a synchronization signal 11 the
backoll counter 1s zero.

The processor may set the value of the backoil counter as
a predetermined value after sending the synchronization
signal, and update the contention window 11 the set value of

the backoff counter 1s zero.
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4

The processor may calculate an average inter-arrival time
between received synchronization signals, may calculate an
average contention window of the terminal and other ter-
minals using the received synchronization signals, and may
set the contention window using the average inter-arrival
time and the average contention window.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing time resources 1n accordance
with an exemplary embodiment of the present invention.

FIG. 2 1s a diagram showing an example 1n which three
terminals A, B, and C are not synchronized, and FIG. 3 1s a
diagram showing an example 1n which three terminals A, B,
and C are synchronized.

FIG. 4 1s a flowchart illustrating a synchromization
method 1n accordance with an exemplary embodiment of the
present 1nvention.

FIG. § 1s a diagram showing the configuration of a
synchronization signal in accordance with an exemplary
embodiment of the present invention.

FIG. 6 1s a diagram showing the structure of a synchro-
nization period 110 1 accordance with an exemplary
embodiment of the present invention.

FIG. 7 1s a diagram showing an example of the position
where a synchronization signal 1s transmitted.

FIG. 8 1s a diagram showing an example in which the
transmission ol a synchronization signal 1s not completed
within a synchronization period.

FIGS. 9A and 9B are flowcharts illustrating a random
access method 1n accordance with an exemplary embodi-
ment of the present invention.

FIG. 10 1s a flowchart 1llustrating a random access method
in accordance with another exemplary embodiment of the
present 1nvention.

FIG. 11 1s a flowchart illustrating an example in which
T=0 1n the random access method of FIG. 9.

FIG. 12 1s a flowchart illustrating an example 1n which
T=0 1n the random access method of FIG. 10.

FIG. 13 1s a diagram showing the transmission of syn-
chronization signals on a time axis 1f the random access
method of FIG. 9 1s applied.

FIG. 14 1s a diagram showing the transmission of syn-
chronization signals on a time axis 1f the random access
method of FIG. 11 1s applied.

FIG. 15 1s a diagram showing the transmission ol syn-
chronization signals on a time axis if the random access
method of FIG. 12 1s applied.

FIG. 16 1s a diagram showing an example 1n which a
terminal A sends a synchronization signal while performing
CCA at a discontinuous point of a synchronization period 1f
the random access method of FIG. 12 1s used.

FIG. 17 1s a diagram showing the relationship between a
frame and the phase ¢ of a synchronization timer.

FIG. 18 1s a diagram showing a method of performing
synchronization by a terminal while sending/receiving a
synchronization signal in accordance with an exemplary
embodiment of the present invention.

FIG. 19 1s a diagram showing a method of updating a
synchronization timer in accordance with an exemplary
embodiment of the present invention.

FIG. 20 1s a diagram showing a method of updating a
synchronization timer 1n accordance with another exemplary
embodiment of the present invention.

FIG. 21 1s a diagram showing a method of updating the
phase of a synchronization timer 11 a synchronization signal
1s subject to time delay from a point of time at which a frame
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1s started due to a random backofl 1n accordance with an
exemplary embodiment of the present invention.

FI1G. 22 illustrates an 1nitial synchromization procedure in
accordance with an exemplary embodiment of the present
invention.

FIG. 23 1s a diagram showing a terminal 1n accordance
with an exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(L]

In the following detailed description, only certain exem-
plary embodiments of the present invention have been
shown and described, simply by way of 1llustration. As those
skilled 1n the art would realize, the described embodiments
may be modified in various different ways, all without
departing from the spirit or scope of the present invention.
Accordingly, the drawings and description are to be regarded
as illustrative 1n nature and not restrictive. Like reference
numerals designate like elements throughout the specifica-
tion.

In the entire specification, a terminal may refer to a
mobile terminal (MT), a mobile station (MS), an advanced
mobile station (AMS), a high reliability mobile station
(HR-MS), a subscriber station (SS), a portable subscriber
station (PSS), an access terminal (Al), or user equipment
(UE), and may include some or all of the functions of the
MT, MS, AMS, HR-MS, SS, PSS, AT, and UE.

Furthermore, a base station (BS) may refer to an advanced
base station (ABS), a high reliability base station (HR-BS),
a nodeB, an evolved node B (eNodeB), an access point (AP),
a radio access station (RAS), a base transceiver station
(BTS), a mobile multihop relay (MMR)-BS, a relay station
(RS) functioning as a base station, or a high reliability relay
station (HR-RS) functioning as a base station, and may
include some or all of the functions of the ABS, HR-BS,
nodeB, eNodeB, AP, RAS, BTS, MMR-BS, RS, and HR-RS.

A synchronization method (or distributed synchronization
method) 1n a distributed communication system in accor-
dance with an exemplary embodiment of the present inven-
tion and a terminal supporting the same are described below
in detail. A distnnbuted wireless communication system
environment 1s assumed and described hereinafter, and a
detailed description of a distributed wireless communication
system 15 omitted because the distributed wireless commu-
nication system 1s well known to those skilled 1n the art to
which the present invention pertains. Furthermore, a distrib-
uted synchronization method 1s described hereinafter based
on the operation of the terminal.

FIG. 1 1s a diagram showing time resources in accordance
with an exemplary embodiment of the present invention.

As shown in FIG. 1, the time resources 1n accordance with
an exemplary embodiment of the present invention include
a frame 100 that 1s periodically repeated. In FIG. 1, 1t 1s
assumed that the length of the frame 100 has been previously
determined.

The frame 100 1s divided into a plurality of periods. FIG.
1 1illustrates only a synchronization period 110 of the plu-
rality of periods. That 1s, FIG. 1 1llustrates that the time
resources are divided imto the frames 100 and each of the
frames 100 1s subdivided into the synchronization period
110 and a remaining period 120. The remaining period 120
may be divided into a data period and a search period, but
1s not 1illustrated in FIG. 1 for convenience sake. The
synchronization period 110 may be placed anywhere 1n the
frame, and the synchronization period 110 has been 1llus-
trated as being placed at the front of the frame 1n FIG. 1, for
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convenience sake. A guard interval may be placed between
the periods forming the frame 100.

The synchromization period 110 1s a period in which
terminals send synchronization signals. Terminals may be
aware ol the start and end locations of a frame using a
synchronization signal received in the synchronization
period 110.

FIG. 2 1s a diagram showing an example 1n which three
terminals A, B, and C are not synchronized, and FIG. 3 1s a
diagram showing an example 1n which three terminals A, B,
and C are synchronized.

As shown 1n FIG. 2, points of time at which the frames of
terminal A, terminal B, and terminal C are started are not
identical with each other.

The objective of synchronization 1s to perform synchro-
nization between terminals that are not synchronized. If
points of time at which the frames of two terminals are
started are the same, the two terminals may be said to be
“synchronized.”

Furthermore, if a plurality of terminals within a predeter-
mined network are synchronized in the situation in which
the plurality of terminals are presented in the network, the
network may be said to be “synchronized.”

As shown 1n FIG. 3, points of time at which the frames of
terminal A, terminal B, and terminal C are started are the
same. In an actual network, 1t may be impossible to accu-
rately synchronize terminals. Accordingly, 1t may be said to
be synchronized 1f a difference between points of time at
which the frames of terminals are started 1s less than an error
range.

FIG. 4 1s a flowchart illustrating a synchronization
method 1n accordance with an exemplary embodiment of the
present 1nvention.

As shown in FIG. 4, the synchronization method 1n
accordance with an exemplary embodiment of the present
invention includes an initial synchronmization procedure
5410, a synchronization maintenance and management pro-
cedure S420, and a re-synchronization procedure S430.

Terminals that are not synchronized are synchronized in
accordance with the 1nitial synchronization procedure S410.
For example, when a terminal 1s powered on, the terminal
performs synchronmization in accordance with the 1initial
synchronization procedure. A terminal which has success-
tully performed initial synchronization performs the syn-
chronization maintenance and management procedure S420.
Furthermore, 1f the terminal has determined that 1t has lost
synchronization while performing the synchronization
maintenance and management procedure, the terminal per-
forms the re-synchronization procedure S430 or the initial
synchronization procedure S410.

The 1mitial synchronization procedure S410, the synchro-
nization maintenance and management procedure S420, and
the re-synchronization procedure S430 include a combina-
tion of three operations, including the transmission of a
synchronization signal, the reception of a synchromization
signal, and the update of a synchronization time.

The synchronization signal (or timing reference signal) 1s
transmitted in order to synchronize terminals.

FIG. § 1s a diagram showing the configuration of a
synchronization signal in accordance with an exemplary
embodiment of the present invention.

As shown 1n FIG. §, the synchronization signal in accor-
dance with an exemplary embodiment of the present inven-
tion includes a preamble field, a backoil indicator field, and
a contention window (CW) indicator field. The CW 1ndica-
tor field 1s an optional field. The synchronization signal may

include other fields in addition to the fields of FIG. 5.
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The preamble field may be used to detect a synchroniza-
tion signal, perform automatic gain control (AGC) by a
reception unit, estimate the time when the synchronization
signal was received, and estimate a radio channel when the
synchronization signal 1s receirved by the reception unit of a
terminal. The preamble 1s placed at the front of the synchro-
nization signal.

The backofl indicator field 1s indicative of a difference
between the starting point of the synchronization period 110
and a point of time at which the synchronization signal was
transmitted. As shown in FIG. 1, if the synchromization
period 110 1s placed at the front of the frame 100, the starting,
point of the synchronization period and the starting point of
time of the frame are the same. The backofl indicator field
1s placed behind the preamble field.

Terminals do not send a synchromization signal in the
synchronization period of all frames. It all the terminals send
synchronization signals 1n the synchronmization period of
cach frame, a collision may occur between the synchroni-
zation signals because there are so many synchronization
signals transmitted in the synchronization period 1n an area
where terminals are crowded. Accordingly, 1f terminals are
crowded, a probability that the terminals may send synchro-
nization signals in a synchronization period is reduced. If
terminals are not crowded, a probability that the terminals
may send synchronization signals in a synchronization
period 1s mncreased. Accordingly, frequency of the synchro-
nization signal may be constantly maintained. The CW
indicator field mcludes the contention window value of a
terminal that has sent a synchronization signal. For example,

a method similar to carrier sense multiple access with
collision avoidance (CSMA/CA) used in the distributed

coordination function (DCF) of IEEE 802.11 may be used as
a method of determining a probability that a terminal sends
a synchronization signal. IT such a method 1s used, the CW
indicator field may include the value of a contention window
s1ze. A synchronization signal may not include a CW 1ndi-
cator field. If a contention window field 1s present, the CW
indicator field 1s placed behind the preamble field. Further-
more, the CW indicator field may be placed behind or ahead
of the backofl indicator field.

FIG. 6 1s a diagram showing the structure of the synchro-
nization period 110 1n accordance with an exemplary
embodiment of the present invention.

As shown i FIG. 6, the synchronization period 110 1n
accordance with an exemplary embodiment of the present
invention includes N backofl slots 111.

The size of the backoll slots may be smaller than or equal
to the size of a synchronization signal.

In order to reduce a probability that a collision may occur
between synchronization signals transmitted by other termi-
nals, a synchronization signal 1s transmitted using a random
access method. A synchronization signal 1s transmitted at a
point of time at which a backofl slot 1s started.

FIG. 7 1s a diagram showing an example of the position
where a synchronization signal 1s transmaitted.

FIG. 7 shows an example 1n which the transmission of a
synchronization signal 1s started at a point of time at which
the ninth backoft slot 1s started. As shown in FIG. 7, the
synchronization signal 112 1s transmitted at a point of time
at which the ninth backofl slot 1s started. In FIG. 7, the
length of the synchronization signal 1s assumed to be the
same as the length of three backoil slots.

FIG. 8 1s a diagram showing an example in which the
transmission ol a synchronization signal 1s not completed
within a synchromization period.
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The transmission of a synchromization signal needs to be
completed before the synchronization period 110 1s termi-
nated. If the transmission of a synchronization signal 1s
completed after the synchronization period 110 1s terminated
as shown in FIG. 8, the synchronization signal 1s not
transmitted. As will be described later, 11 a synchromization
signal 1s not transmitted because the transmission of the
synchronization signal has not been completed, the value of
a backofl counter 1s not reduced even though a correspond-
ing backofl slot 1s i1dle.

A synchronization signal in accordance with an exem-
plary embodiment of the present invention 1s transmitted
using a random access method. The random access method
may be a contention-based random access method using a
contention window (CW). The random access method 1s
described 1n detail below.

FIGS. 9A and 9B are flowcharts illustrating a random
access method 1n accordance with an exemplary embodi-
ment of the present invention. The random access method 1n
accordance with an exemplary embodiment of the present
invention 1s a random backoll procedure using a CW.

First, the values of contention window sizes are stored in
terminals. In this case, the size of the CW 1s mnitialized when
a random backofl procedure 1s started at step S900.

Each of the terminals selects a backofl counter value
based on the current contention window size at step S910.
For example, 1f the contention window size of a terminal 1s
W, the corresponding terminal randomly selects one of
integers {0, 1, 2, ..., W_—1}. If the integer n is selected,
the terminal determines “n” to be i1ts own backoil counter
value.

If n=0 at step S920, the terminal sends a synchronization
signal 1n a next backodl slot at step $S960. If the n value 1s not
zero, step S930 below 1s performed.

After sending the synchronization signal, the terminal
performs clear channel assessment (CCA) for a next backoil
slot at step S961. A detailed description of a method of
performing CCA by the terminal 1s omitted because the
method 1s known to those skilled in the art to which the
present invention pertains.

The terminal checks whether the next backofl slot 1s 1dle
by performing CCA at step S962. Ii, as a result of the check
at step S962, the next backofl slot 1s found to not be i1dle, the
terminal continues to perform CCA for a next backofl slot
until a result of the CCA becomes idle at step S961. In
contrast, if, as a result of the check at step S962, the next
backofl slot 1s found to be idle, the terminal additionally
performs CCA during a predetermined time T at step S963.
In this case, the predetermined time T may be T=0 or T>0.

If T=z0 at step S963 and a result of the execution of the
CCA 1s not 1dle at step S964, the terminal performs step
S961. Furthermore, 1t a result of the execution of the CCA
1s 1dle at step S963 or T=0 at step S964, the terminal may
decrease 1ts own backoll counter value by 1 or may not
decrease 1ts own backofl counter value, at step S9635. That 1s,
step S965 1s optional.

After performing step S9635, the terminal updates its
contention window size at step S970 and moves to step
S910.

If n=>0 at step S920, the terminal performs CCA during a
next backoll slot at step S930.

If, as a result of the execution of the CCA at step 5930,
the next backofl slot 1s idle, the terminal decreases the
backoil counter value by 1 at step S940 and step S950.
Furthermore, the terminal moves to step S920. If, as a result
of the execution of the CCA at step S930, the next backofl
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slot 1s not 1dle at step S940, the terminal performs CCA
again 1n a next backodfl slot at step S980.

If, as a result of the execution of the CCA at step S980,
the corresponding backofl slot 1s not 1dle at step S990, the
terminal repeatedly performs CCA during a next backofl slot
until a result of the CCA becomes idle, at step S980.
Furthermore, 1f, as a result of the execution of the CCA at
step S980, a corresponding backoftl slot 1s 1dle at step S990,
the terminal additionally performs CCA during a predeter-
mined time T at step S992. In this case, the predetermined
time T may be T=0 or T>0.

If T>0 at step S992 and a result of the execution of the
CCA 1s not 1dle at step S994, the terminal performs step
S980. In contrast, 1f a result of the execution of the CCA 1s
idle at step S992 or T=0 at step S994, the terminal may
decrease 1ts own backoll counter value by 1 or may not
decrease its own backoil counter value at step $996. That is,
step S996 1s optional. After performing step S996, the
terminal moves to step S920.

FI1G. 10 1s a flowchart 1llustrating a random access method
in accordance with another exemplary embodiment of the
present invention. The random access method 1n accordance
with another exemplary embodiment of the present inven-
tion 1s a procedure having improved fairness between ter-
minals compared to FIG. 9. In other words, 1n the random
access method 1n accordance with another exemplary
embodiment of the present mvention, aiter sending a syn-
chronization signal, a terminal sets 1ts backoil counter value

to Wc—n again and updates a contention window size when
the counter becomes 0.

The value of a contention window size 1s stored in each
of terminals. In this case, the size of the CW 1s initialized
when a random backoll procedure 1s started at step S1000.

Each of the terminals selects 1ts own backofl counter
value based on the current size of a CW at step S1010. For
example, 1f the contention window size of a terminal 1s W ,
the terminal randomly selects one of integers {0, 1, 2, . . .,
W -1}, If the integer n is selected, the terminal determines
“n” to be 1ts own backoft counter value. Furthermore, N 1s
set as a contention window size W .. In this case, N 15 a
counter for counting the number of backoils after updating
the backoll counter value with a specific integer.

If n=0 at step S1020, the terminal sends a synchromization
signal 1n a next backoll slot at step S1070. If n 1s not zero,
the terminal performs step S1030.

After sending the synchronization signal, the terminal

performs clear channel assessment (CCA) during a next
backoil slot at step S1080.

The terminal checks whether a corresponding backoil slot
1s 1dle by performing CCA at step S1090. If, as a result of
the check at steps S1090, the corresponding backofl slot 1s
idle, the terminal additionally performs CCA during a pre-
determined time Tat S1092. In this case, the predetermined
time T may be T=0 or T>0. In contrast, if, as a result of the
check at steps S1090, the corresponding backofl slot 1s not
idle, the terminal moves to step S1080.

If T>0 at step S1092 and a result of the execution of the
CCA 15 not 1dle at step S1094, the terminal performs step
S1080. Furthermore, 1f a result of the execution of the CCA
1s 1dle at step S1092 or T=0 at step S1094, the terminal may
decrease each of 1ts own backoll counter values and N by 1
or may not decrease 1ts own backofl counter value and N, at
step S1096. That 1s, step S1096 1s optional.
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If N=0 at step S1060, the terminal updates i1ts own
contention window size at step S1062 and moves to step
S51010. In contrast, if N 1s not 0 at step

51060, the terminal moves to step S1020.

If n>0 at step S1020, the terminal performs CCA during
a next backodl slot at step S1030.

If, a result of the execution of the CCA at step S1030, a
corresponding backotl slot 1s idle at step S1040, the terminal
decreases each of the backofl counter values and N by 1, at
step S1050. The terminal then moves to step S1060. If, as a
result of the execution of the CCA at step S1030, a corre-
sponding backoil slot 1s not 1dle, the terminal moves to step
S1080.

FIG. 11 1s a flowchart illustrating an example in which
T=0 1n the random access method of FIG. 9. That 1s, the
flowchart of FIG. 11 has been simplified using steps S965
and 5996 which are optional 1f T=0 1n FIG. 9. Accordingly,
a detailed description of the random access method of FIG.
11 1s omitted because the random access method of FI1G. 11
1s the same as that of FIG. 9.

FIG. 12 1s a flowchart illustrating an example 1n which
T=0 1n the random access method of FIG. 10. That 1s, the
flowchart of FIG. 12 has been simplified using step S1096
which 1s optional 11 T=0 1n FIG. 10. Accordingly, a detailed
description of the random access method of FIG. 12 1s
omitted because the random access method of FIG. 12 1s the
same as that of FIG. 10.

FIG. 13 1s a diagram showing the transmission ol syn-
chronization signals on a time axis if the random access
method of FIG. 9 1s applied. More specifically, FIG. 13
illustrates the transmission of synchronization signals by a
terminal A, a terminal B, and a terminal C on a time axis 1f
T 1s the same as the length of one backoil slot and optional
steps S965 and S996 are not used 1n the random access

method of FIG. 9. In FIG. 13, it 1s assumed that the length

of the synchronization signal 1s twice the backoll slot.

At a point of time t,, 1t 1s assumed that the terminal A, the
terminal B, and the terminal C have respective backoil
counter values of 9, 7, and 3.

At a point of time t,, the backofl counter value of the

terminal C becomes zero, and the terminal C starts to send
a synchronization signal. In this case, the terminal A and the
terminal B have respective backofl counter values 6 and 4.
That 1s, since backofl slots are idle between the points of
time t, and t,, the backofl counter values of the terminal A,

terminal B, and terminal C are gradually decreased in
accordance with steps S920, 5930, S940, and S950 of FIG.

9.

At a pomnt of time t;, the terminal C completes the
transmission of the synchronization signal.

At a point of time t, after a point of time corresponding
to (one backoil slot+T), the terminal C randomly determines
a backoll counter value. In FIG. 13, it 1s assumed that the
terminal C has set the backofl counter value to 8. That 1s, the
terminal C updates the backoll counter value to 8 in accor-
dance with steps S961, S962, 5963, S964, S970, and S910
of FIG. 9. In this case, the terminal A and the terminal B
maintain their backofl counter values 6 and 4 1 accordance
with steps S980, S990, 5992, and S994 of FIG. 9.

At a point of time t., the backoil counter value of the
terminal B becomes zero, and the terminal B starts to send
a synchronization signal.

At a point of time t,, the terminal B determines 4 to be a
randomly selected backofl counter value. At this time, the
backofl counter values of the terminals A and C are 2 and 4.
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At a point of time t,, the backoil counter value of the
terminal A becomes zero, and the terminal A starts to send
a synchronization signal.

Furthermore, at a point of time tg, the terminal A deter-
mines 8 to be a randomly selected backoll counter value. At
this time, the backofl counter values of the terminals B and
C are 2 and 2.

At a point of time t,, both the backofl counter values of
the terminals B and C become zero, and the terminal B and
the terminal C simultaneously start to send synchromization
signals. That 1s, the synchronization signals of the terminal
B and the terminal C collide against each other.

At a point of time t,,, the terminal B determines 5 to be
a randomly selected backoll counter value, and the terminal
C determines O to be a randomly selected backofl counter
value. At this time, the terminal C starts to send a synchro-
nization signal at a point of time t,, because the backoil
counter value of the terminal C 1s zero. Furthermore, the
terminal B does not decrease the backofl counter value
because a result of CCA 1s not 1dle due to the synchroniza-
tion signal of the terminal C.

Furthermore, at a point of time t,,, the terminal C deter-
mines 9 to be a randomly selected backoll counter value. At
this time, the backofl counter values of the terminals A and
B are 6 and 5.

FIG. 14 1s a diagram showing the transmission of syn-
chronization signals on a time axis 1f the random access
method of FIG. 11 1s applied. That 1s, FIG. 14 1llustrates the
transmission of synchronization signals by a terminal A, a
terminal B, and a terminal C on a time axis 1if T=0 and
optional steps S965 and S996 are used in the random access
method of FIG. 9. In FIG. 14, it 1s assumed that the length
of the synchronization signal 1s twice the backodl slot.

At a point of time t,, 1t 1s assumed that the terminal A, the
terminal B, and the termunal C have respective backoil
counter values of 9, 7, and 3.

At a point of time t,, the backofil counter value of the
terminal C becomes zero, and thus the terminal C starts to
send a synchronization signal. At this time, the terminal A
and the terminal B have respective backoil counter values 6
and 4. That 1s, since backofl slots are 1dle between the points
of time t, and t,, the backofl counter values of the terminal
A, terminal B, and terminal C are gradually reduced in
accordance with steps S1120, S1130, S1140, and S1150 of
FIG. 11.

At a pomt of time t,, the terminal C completes the
transmission of the synchronization signal.

Since T=0, the terminal C randomly selects a backoil
counter value at a point of time t, after a point of time
corresponding to one backoil slot. In FIG. 14, 1t 1s assumed
that the terminal C has set the backoil counter value to 8.
That 1s, the terminal C randomly selects 8 as the backofl
counter value in accordance with steps S11611, S1162,
S1165, S1170, and S1110 of FIG. 11. At this time, the
terminal A and the terminal B reduce their backofl counter
values to 5 and 3 in accordance with steps S1120, S1130,
S1140, and S1150 of FIG. 11.

At a point of time t., the backoil counter value of the
terminal B becomes zero, and thus the terminal B starts to
send a synchronization signal.

At a point of time t,, the terminal B determines 4 to be a
randomly selected backoil counter value. At this time, the
backoll counter values of the terminals A and C are reduced
to 1 and 4, respectively.

At a point of time t,, the backofl counter value of the
terminal A becomes zero, and thus the terminal A starts to
send a synchronization signal.
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Furthermore, at a point of time tg, the terminal A deter-
mines 8 to be a randomly selected backoil counter value. At
this time, the backofl counter values of the terminals B and
C are reduced to 2 and 2, respectively.

At a point of time t,, both the backofl counter values of
the terminals B and C become zero, and thus the terminal B
and the terminal C simultaneously start to send synchroni-
zation signals. That 1s, the synchronization signals of the
terminal B and the terminal C collide against each other.

At a point of time t,,, the terminal B determines 6 to be
a randomly selected backofl counter value, and the terminal
C determines 0 to be a randomly selected backofl counter
value. Furthermore, the terminal C starts to send a synchro-
nization signal at the point of time t,, because the backotl
counter value of the terminal C 1s zero. Furthermore, the
terminal B detects that a result of the CCA 1s not idle due to
the synchronization signal of the terminal C.

At a point of time t,,, the terminal C determines 9 to be
a randomly selected backofl counter value. At this time, the
backofl counter values of the terminals A and B are reduced
to 4 and 3, respectively.

At a point of time t,,, the backoil counter value of the
terminal A becomes zero, and thus the terminal A starts to
send a synchronization signal.

At a point of time t, 5, the terminal A determines 7 to be
a randomly selected backofl counter value. At this time, the
backofl counter values of the terminals B and C are reduced
to O and 4, respectively. The terminal B starts to send a
synchronization signal at the point of time t,; because the
backofl counter value of the terminal B 1s zero.

FIG. 15 1s a diagram showing the transmission ol syn-
chronization signals on a time axis if the random access
method of FIG. 12 1s applied. That 1s, FIG. 15 illustrates the
transmission of synchromzation signals by terminal A, ter-
minal B, and terminal C 1 T=0 and optional step S1096 1s
used 1n the random access method of FIG. 10. In FIG. 15, 1t
1s assumed that the length of the synchronization signal 1s
twice a backofl slot and a contention window size 1s 16. The
terminals may have different contention window sizes (1.e.,
contention window values) and the contention window size
may be changed depending on a surrounding environment,
but 1t 1s assumed that in FIG. 15, the terminal A, the terminal
B, and the terminal C have the same contention window size
of 16, for convenience of description.

At a point of time t,, 1t 1s assumed that the terminal A, the
terminal B, and the terminal C have (9, 12), (7, 13), and (3,
7), respectively, as a value (n, N). In this case, n 1s a backoil
counter value, and N 1s a counter for counting the number of
backoils after a backofl counter value i1s updated with a
specific integer.

At a point of time t,, the backoil counter value of the
terminal C becomes zero, and thus the terminal C starts to
send a synchronization signal. In this case, the terminal C
has N=4, and the terminal A and the terminal B have (n,
N)=(6, 9) and (n, N)=(4, 10), respectively. That 1s, since
backoll slots are 1dle between the points of time t, and t,, (n,

N) of the terminal A, terminal B, and terminal C 1s gradually
reduced in accordance with steps S1220, S1230, S1240,
S1250, and S1260 of FIG. 12.

At a pomnt of time t;, the terminal C completes the
transmission of the synchronization signal.

Since T=0, the terminal A, the terminal B, and the
terminal C have (n, N)=(5, 8), (n, N)=(3, 9), and (n, N)=(*,
3), respectively, at a point of time t, alfter a point of time

corresponding to one backoll slot. That 1s, the terminal A and
the terminal B reduce (n, N) to (5, 8) and (3, 9) 1n accordance
with steps S1220, S1230, S1240, S1250, and S1260. Fur-
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thermore, the terminal C sets (n, N) as (¥, 3) i accordance
with steps S1230, S1240, and S1250. In this case, “*” means
that the n value may have any value other than n=0. That 1s,
at the point of time t,, the terminal C may perform a process
of reducing only the counter N value without setting the
backofl counter value to a specific imteger value.

At a point of time t., the backofl counter value of the
terminal B becomes zero, and thus the terminal B starts to
send a synchronization signal. At this time, the terminal B
has N=6. Furthermore, at the point of time t., the N value of
the terminal C becomes zero, and thus the terminal C
updates the contention window size (refer to steps S1260,
51262, and S1210). The terminal C randomly sets the
backofl counter value to 8 using the updated contention
window size. In FIG. 15, 1t 1s assumed that the updated

contention window size 1s 16. The terminal A has (n, N)=(2,
3).

At a point of time t,, the terminal A, the terminal B, and
the terminal C have (n, N)=(1, 4), (n, N)=(*, 5), and (n,
N)=(7, 15), respectively.

At a point of time t,, the backofl counter value of the
terminal A becomes zero, and thus the terminal A starts to
send a synchronization signal.

At a point of time tg, the terminal A, the terminal B, and
the terminal C have (n, N)=(*, 2), (n, N)=(*, 3), and (n,
N)=(3, 13), respectively.

At a point of time t,, the N value of the terminal A
becomes zero, and thus the terminal A updates the conten-
tion window size. Furthermore, the terminal A randomly sets
a backofl counter value to 6 using the updated contention
window size.

At a point of time t,,, the N value of the terminal B
becomes zero, and thus the terminal B updates the conten-
tion window size (or contention window value). Further-
more, the terminal B randomly sets a backofl counter value
to 7 using the updated contention window size.

At a point of time t,,, the backofl counter value of the
terminal C becomes zero, and thus the terminal C starts to
send a synchronization signal.

At a point of time t, ,, the terminal A, the terminal B, and
the terminal C have (n, N)=(2, 12), (n, N)=(4, 13), and (n,
N)=(*, 7), respectively.

At a point of time t,,, the backoil counter value of the
terminal A becomes zero, and thus the terminal A starts to
send a synchronization signal.

At a point of time t, ,, the terminal A, the terminal B, and
the terminal C have (n, N)=(*, 9), (n, N)=(1, 10), and (n,
N)=(*, 4), respectively.

At a point of time t15, the backofl counter value of the
terminal B becomes zero, and thus the terminal B starts to
send a synchronization signal.

A method of sending, by terminals, synchronization sig-
nals using the random access method within a synchroniza-
tion period has been described with reference to FIGS. 13,
14, and 15. However, discontinuity exists between synchro-
nization periods on a time axis because the synchronization
period 1s repeatedly present at specific locations of each
frame.

FIG. 16 1s a diagram showing an example in which a
terminal A sends a synchronization signal while performing,
CCA at a discontinuous point of a synchronization period 1f
the random access method of FIG. 12 1s used. In FIG. 16, the
s1ze of a contention window always becomes 8 after the size
of the contention window 1s updated, for convenience of
description, but the contention window si1ze may be changed
along with the update.
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At a point of time t,, i1t 1s assumed that the terminal A has
(4, 6) as a value (n, N).

At a point of time t,, the terminal A detects that a channel
1s busy through CCA, and the terminal A stops the reduction
of n and N.

When the channel becomes 1dle at a point of time t,, the
terminal A starts the reduction of n and N again at a point of
time t4.

At a point of time t., the backoft counter value of the
terminal A becomes zero, and thus the terminal A starts to
send a synchronization signal.

At a point of time t,, the terminal A has 1 as the N value
and again starts to reduce the N value that 1s stopped along
with the transmission of the synchronization signal. Further-
more, the terminal A performs a process of reducing only the
counter N value without setting a backoil counter value as
a specific mteger value (1.e., n=").

At a point of time t,, the N value of the terminal A
becomes zero, and thus the terminal A updates a contention
window size. Furthermore, the terminal A randomly sets the
backofl counter value to 3 using the updated contention
window size 8. Furthermore, at the point of time t., the
terminal A detects that a channel 1s busy through CCA and
stops the reduction of the value (n, N).

At a point of time t, after one backofl slot 1n the state 1n
which the channel 1s idle, the terminal A may reduce the
value (n, N) again, but the transmission of the synchroni-
zation signal 1s unable to be completed within the remaining
time of the synchronization period. Accordingly, the termi-
nal A does not start to decrease n and N at the point of time
t,.

A pomt of time t, 1s a point of time at which the
synchronization period of a next frame 1s started. At the
point of time t,, the terminal A has values n=2 and N=7/.
Furthermore, the terminal A starts to reduce the values n and
N again.

At a point of time t,,, the backoil counter value of the
terminal A becomes zero, and thus the terminal A starts to
send a synchronization signal.

At a point of time t,,, the terminal A has 4 as an N value
and starts to reduce the N value that 1s stopped along with
the transmission of the synchronization signal. Furthermore,
the terminal A performs a process of reducing only the
counter N without setting a backoil counter value as a
specific iteger value (1.e., n=").

At a poimnt of time t,,, the N value of the terminal A
becomes zero, and thus the terminal A updates the conten-
tion window size. The terminal A randomly sets a backoil
counter value to 4 using the updated contention window size

8.

e

At a point of time t, 5, the terminal A detects that a channel
1s busy through CCA and stops the reduction of the values
n and N.

A pomt of time t,, 1s a point of time at which the
synchronization period of a next frame 1s started. At the
point of time t,,, the terminal A has values n=0 and N=4.
Since the terminal A has n=0, the terminal A starts to send
a synchronization signal.

At a point of time t, ., the terminal A has a value N=3 and
starts to reduce the value N that 1s stopped along with the
transmission of the synchronization signal.

The aforementioned contention window size (inter-
changeably used with “contention window™ or “contention
window value” 1n this specification) may be determined by
taking into consideration the number of surrounding termi-
nals. In order to reduce a probability that synchromzation
signals may collide against each other, the terminals reduce
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frequency of the transmission of synchronization signals 1f
the number of surrounding terminals 1s large and increase
frequency of the transmission of synchronization signals 1f
the number of surrounding terminals 1s small. However, 1t 1s

16

high. In this case, a difference between the transmission rates
of the synchronization signals of the two terminals at close
locations may be high. In order to solve such a problem,
cach of the terminals may estimate an average contention

not easy to determine the number of surrounding terminals, 5 window value (hereinafter referred to as “CW__”") of other
and overhead may be high although the number of surround- surrounding terminals and use the estimated CW _,, to update
ing terminals 1s correctly determined. Accordingly, in the its own contention window value. A method of updating 1ts
following exemplary embodiment of the present invention, own contention window value by a terminal using estimated
the number of surrounding terminals 1s not directly used to CW__, 1s described with reference to Table 1 below.
determine the value of a contention window. That 1s, in an 10  As described with reference to FIG. 5, a synchromization
exemplary embodiment of the present invention, a method signal may include the contention window value of a ter-
ol constantly maintaining frequency of the transmission of minal that has sent the synchronization signal. A terminal
synchronization signals regardless of the number of termi- which has received the synchronization signal estimates
nals 1n a specific area 1s used. average contention window value CW__, of other surround-
A method of constantly maintaining frequency of syn- 15 ing terminals using the contention window value included 1n
chronization signals transmitted 1n a specific area uses the the received synchronization signal. For example, the ter-
time difference between the time when a predetermined minal may calculate the value CW __, by determining a time
synchronization signal 1s received and the time when a next window W, and then averaging CWs received for W, from
synchronization signal 1s received (heremnafter referred to as the past to the present. For another example, the terminal
an ‘“inter-arrival time (IAT)”). For example, a terminal 20 may use a method of updating the value CW__, according to
previously determines a target IAT (hereinatfter referred to as Equation 2 below whenever a new synchronization signal 1s
a “TIAT”) and measures an IAT measured (hereinafter received.
referred to as a measured IAT (MIAT)”) using a synchroni-
zation signal received from a surrounding terminal. The CW_,=PsCW_,+(1-p5)CW (Equation 2)
te:rx}linal updates a contention window value 50 that a 25 1 quation 2, 0=, <1, and the CW denotes a contention
dlfj?r cnee betweeq the TIAl value and the MIAL'1s reduced. window value included 1n a finally received synchromization
An' 1dle tlme, that 1s, the length gf the: time ‘when a channel signal.
1s 1dle, un?ﬂ a next synchron{zatlon signal 1s rgcelv§d aftf.:,—‘-r In some embodiments, the value CW, , may be updated
the reception of a predetermined synchronization signal 1s using Equation 3 below.
completed, may be used instead of the IAT. In this case, a 30 |
value obtained by subtracting the length of the synchroni-
zation signal from. the IAT 1s the same as the.idle time. In an W (Equation 3)
exemplary embodiment of the present invention, an example CWorn =
in which the IAT 1s used 1s described.
Each of terminals calculates an MIAT 1n the area 1n which 35
the terminal 1s placed using an IAT measured for a specific In Equation 3, V=P V+(1-)CW, W=, W+(1-5)
time. For example, a terminal may determine the time (CW)?, and B and f3,, satisfy O=f =1 and O<f,=<1, respec-
window of a size W, and calculate an MIAT as an average tively. Furthermore, the CW denotes a contention window
value of IATs measured for the size W , from the past to the value 1ncluded 1n a finally recetved synchronization signal.
present. For another example, a terminal may use a method 40  lable 1 below illustrates a rule i which a terminal
of updating an MIAT according to Equation 1 whenever a updates its own contention window 1f the terminal 1s aware
new synchronization signal is received. of the estimated value CW_, of an average contention
| window value of surrounding terminals. In Table 1, each of
MIAT=P MIAT+(1=5, 1A (Bquation ) = " 'D,, and D, is a real number greater than 1. o (n=1,
In Equation 1, O=p <1, and the IAT denotes an IAT 45 2, 3, ... 16) 1s a constant multiplied when a contention
measured using a finally received synchronization signal. window value 1s updated. o, has a value greater than 1 1t the
Each of terminals may determine whether to increase or value of a contention window needs to be increased after
decrease 1ts own contention window value using the pattern update and a value smaller than 1 11 the value of a contention
of a recerved synchromzation signal. However, the synchro- window needs to be decreased after update. If a terminal 1s
nization signals of terminals at close locations have similar 5, unaware of the estimated value CW__, of an average con-
reception patterns. Accordingly, the difference of contention tention window value of surrounding terminals,
window values may not be reduced if a difference between O =0, =0 =0, O=0—0,~Cg, Oo=C;,=C,;=C;> and
the values of the contention windows of two terminals 1s QL =0, .=, =0,  are satisfied.
TABLE 1
— CW_,, CW_,, < CW <CW., CW,_, <CW<(C,CW_, C,CW_, <CW
Cy Cy
TIAT CW := a,CW CW = a,CW CW = a,CW CW := a,CW
MIAT <
Dy
TIAT CW := 0 CW CW := 0 .CW CW = a,.CW CW := 0.CW
1 < MIAT < TIAT
TIAT < MIAT < D,TIAT CW := q,CW CW := a,,CW CW := a,,CW CW := a,,CW
D,TIAT < MIAT CW := 0, ,CW CW := 0, ,CW CW := 0, CW CW := 0, CW
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Table 2 1s a simply summarnized table it C,=C,=r>1,
o, =0=4, oL, ===~V 2,

X4 = Qg = ——, &g = @13 :\/53
V2
1 q 1
g =01 =@ =q15 = —(—,and @2 =q16 = 5
V2 4
in Table 1.
TABLE 2
Cwm‘h Cwm‘h ICWG'
CW < < CW < rCW,,,
r r
MIAT < TIAT CW =4CW CW = \/§CW
CW :=
TIAT < MIAT CW :=V2CW 1
CW .= —CW CW :
V2

A terminal may perform the following three operations
when 1t receives a synchronization signal. The three opera-
tions nclude the update of an MIAT, the update of a value
CW__ . and its own timing. The timing denotes the update of

the phase value of a synchronization timer. The update of the
MIAT and the update of the value CW__, have been
described above, and the timing 1s described below. A
method of updating its own timing by a terminal 15 per-
formed using the reception time of a received synchroniza-
tion signal.

A terminal has a synchronization timer, and a point of
time at which the phase ¢ of the synchronization timer
becomes 360 degrees i1s the end or starting point of time of
a frame. FIG. 17 1s a diagram showing the relationship
between a frame and the phase ¢ of a synchronization timer.
As shown 1 FIG. 17, a point of time at which the phase ¢
ol a synchronization timer becomes 360 degrees 1s the end
or start point of time of a frame.

FIG. 18 1s a diagram showing a method of performing
synchronization by a terminal while sending/receiving a
synchronization signal in accordance with an exemplary
embodiment of the present invention. In FIG. 18, 1t 1s
assumed that a terminal B 1s at the distance at which 1t 1s able
to communicate with a terminal A and a terminal C, and the
terminal A and the terminal C are at the distance at which
they are unable to communicate with each other.

As shown 1n FIG. 18, the terminals A, B, and C have not
been synchromized at a point of time O.

At a point of time t,, the phase of the synchronization
timer of the terminal A becomes 360 degrees, and the
terminal A sends a synchronization signal. After receiving
the synchronization signal transmitted by the terminal A, the
terminal B matches 1ts synchronization timer with the syn-
chronization timer of the terminal A by updating its own
synchronization timer. However, the terminal C does not
update 1ts own synchronization timer because 1t does not
receive the synchronization signal of the terminal A.

At a point of time t,, the phase of the synchronization
timer ol the termunal B becomes 360 degrees, and the
terminal B sends a synchronization signal. After receiving,
the synchronization signal transmitted by the terminal B, the
terminal C matches its own synchronization timer with the
synchronization timer of the terminal B by updating 1ts own

10
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synchronization timer. In this case, the terminal A receives
the synchronization signal transmitted by the terminal B, but
does not update the synchronization timer because the
terminal A has already been synchronized with the terminal
B.

As shown 1n FIG. 18, each of the terminals does not
always send a synchronization signal 11 the phase of its own
synchronization timer becomes 360 degrees. The transmis-
sion of a synchronization signal 1s performed through con-
tention-based random access as described above. Accord-
ingly, a synchronization signal i1s not transmitted at a point
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of time at which a frame 1s started, at which the phase of a
synchronization timer becomes 360 degrees, but may be
delayed and transmitted by a specific number of backofl
slots. In FIG. 18, it has been assumed that delay in the
transmission of a synchronization signal attributable to a
random backofl 1s not indicated, but the synchronization
signal 1s transmitted at a point of time at which a frame 1s
started, for convemence of description. Delay in the trans-
mission of a synchronization signal attributable to a random
backofl 1s described 1n detail below with reference to FIG.
21.

FIG. 19 1s a diagram showing a method of updating a
synchronization timer in accordance with an exemplary
embodiment of the present invention. If a terminal having ¢,
as the phase value of a synchronization timer receives a
synchronization signal, the terminal updates the phase value
of the synchronization timer with ¢, through a process
described below.

In FIG. 19, 1t 1s assumed that the terminal has ¢, as the
phase value of the synchronization timer when it receives a
synchronization signal.

The terminal calculates x, according to Equation 4 below.

X =fl¢p,) (Equation 4)

In Equation 4, 1(-) passes through predetermined (0, 0)
and (1, 1), and 1s a function 1n which 1'(-)>0 and 1"(-)<0 1n
O<x<l1.

Furthermore, the terminal calculates x, according to
Equation 5 below.

X,=max(x;+<, 1) (Equation 5)

In Equation 5, € 1s a predetermined constant.
Furthermore, the terminal calculates ¢, as 1n Equation 6
below.

$="(x)

As shown in FIG. 19, the terminal updates the phase value
¢, of 1its own synchromization timer with ¢, as described
above. Furthermore, 1t may be seen that a relationship
“Ad,=0,—0,<¢,—p;=A¢,” 1s established. That 1s, the update
ol a phase value of the synchronization timer 1s differently
determined depending on a phase value of the synchroniza-
tion timer when a synchronization signal i1s recerved.

(Equation 6)
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The following method may be used as a method of
updating the phase value of a synchromization timer by a
terminal when it receives a synchronization signal, unlike in
FIG. 19. A method illustrated 1n FIG. 20 1s used as another
method of updating the phase value of a synchromization
timer by a terminal when 1t receives a synchromization
signal.

FIG. 20 1s a diagram showing a method of updating a
synchronization timer in accordance with another exemplary
embodiment of the present invention.

As shown 1n FIG. 20, when a terminal receives a syn-
chronization signal, he terminal updates the phase value of
a synchronization timer to ¢,,,,, ,, 1f the phase value of the
synchronization timer 1s between ¢ and ¢_ _,. For example,
if the phase value of a synchronization timer 1s between ¢,
and ¢,, a terminal updates the phase value to ¢,,.,, ,, that 1s,
a predetermined value, regardless of the value of a received
synchronization signal.

A special example of the method illustrated in FIG. 20
includes a method of maintaining a current phase value of a
synchronization timer by a terminal without a change 11 the
phase value of the synchronization timer 1s smaller than 180
degrees when 1t receives a synchronization signal and updat-
ing the phase value of the synchronization timer to 360
degrees if the phase value of the synchronization timer 1s
greater than 180 degrees when it receives the synchroniza-
tion signal.

FIG. 21 1s a diagram showing a method of updating the
phase of a synchronization timer 1f a synchronization signal
1s subject to time delay from a point of time at which a frame
1s started due to a random backoll 1n accordance with an
exemplary embodiment of the present invention. In FI1G. 21,
it 1s assumed that all of terminals A, B, C, and D are at a
distance at which they can communicate with each other.

At a point of time t,, the phase value of the synchroni-
zation timer of the terminal A becomes 360 degrees.

The transmission of a synchronization signal (or timing
reference signal) by the terminal A occurs at a point of time
t, after the point of time t; because the synchromization
signal 1s transmitted according to a random backoll proce-
dure. In this case, the point of time t, 1s between the point
of time t, and a point of time t,.

At the point of time t,, the terminal B receives a syn-
chronization signal transmitted by the terminal A. In this
case, the terminal B 1s able to know that a point of time at
which the frame of the terminal A 1s started 1s not the point
of time t,, but 1s the point of time t,, using a backoil
indicator included in the synchromization signal received
from the terminal A (refer to an arrow 2010). The terminal
B updates the phase value of a synchronization timer with
the phase value of the synchronization timer at the point of
time t, (refer to an arrow 2020). In this case, the method of
FIG. 19 or 20 may be used as a method of updating the phase
value of the synchronization timer. Furthermore, as indi-
cated by an arrow 2030, the terminal B calculates the phase
value of the synchronization timer at the current point of
time t, using the phase value of the synchromization timer
updated at the point of time t,. Accordingly, after the phase
value of the synchronization timer 1s updated, the terminal
B 1s synchronized with the terminal A.

At the point of time t,, the terminal C receives the
synchronization signal transmitted by the terminal A. In this
case, the terminal C 1s able to know that a point of time at
which the frame of the terminal A 1s started is not the point
of time t,, but 1s the point of time t,, using the backoil
indicator included in the synchronization signal received
from the terminal A (refer to an arrow 2040). The terminal
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C updates the phase value of a synchromization timer with
the phase value of the synchromization timer at the point of
time t; (refer to an arrow 2050). In this case, the method of
FIG. 19 or 20 may be used as a method of updating the phase
value of the synchronization timer. Furthermore, as indi-
cated by an arrow 2060, the terminal C calculates the phase
value of the synchronization timer at the current point of
time t, using the phase value of the synchronization timer
updated at the point of time t,. Accordingly, after the phase
value of the synchronization timer 1s updated, the terminal
C 1s synchronized with the terminal A.

At the poimnt of time t,, the terminal D receives the
synchronization signal transmitted by the terminal A. In this
case, the terminal D 1s able to know that a point of time at
which the frame of the terminal A 1s started 1s not the point
of time t,, but 1s the point of time t, using the backofl
indicator included in the synchronization signal received
from the terminal A (refer to an arrow 2070). The terminal
D updates the phase value of a synchronization timer with
the phase value of the synchronmization timer at the point of
time t, . In this case, the method of FIG. 19 or 20 may be used
as a method of updating the phase value of the synchroni-
zation timer. As shown in FIG. 21, the synchronization
signal may be received at any location within a synchroni-
zation period 110. Accordingly, if a terminal has updated the
phase value of its own synchronization timer using a syn-
chronization signal after receiving the synchronization sig-
nal, the time remaining in the synchromzation period of a
corresponding frame may not be suilicient to send a syn-
chronization signal. In this case, the terminal may not
perform a random access procedure for the transmission of
a synchronization signal in the corresponding frame, but
may perform a random access procedure for the transmis-
sion of the synchronization signal 1n a next frame.

The terminal performs the 1mitial synchronization proce-
dure (refer to S410 of FIG. 4) as part of an mitialization
procedure. The imitialization of the terminal may be per-
formed when the terminal i1s powered on or when the
terminal remains 1n an 1nactive state due to stopped com-
munication and then deviates from the inactive state. An
initial synchronization procedure in accordance with an
exemplary embodiment of the present invention 1s described
below with reference to FIG. 22.

FIG. 22 1llustrates an 1nitial synchronization procedure in
accordance with an exemplary embodiment of the present
invention.

First, a terminal operates in reception mode for a prede-
termined time before 1t sends a synchronization signal at
step S2100. While operating 1n reception mode, the terminal
determines whether there 1s a synchronization signal trans-
mitted by surrounding terminals at step S2110.

If, as a result of the determination, a synchronization
signals are detected at step S2110, the terminal determines
whether the detected synchronization signals are synchro-
nization signals transmitted by synchronized terminals (e.g.,
terminals forming a network) at step S2120. For example, 1
a synchromization signals are periodically received and the
point of time at which a frame 1s started 1s consistently
estimated based on the synchromization signals, the terminal
may determine that the detected synchronization signals are
synchronization signals transmitted by synchronized termi-
nals.

If, as a result of the determination at step S2120, the
synchronization signals are synchronization signals trans-
mitted by synchronized terminals, the terminal matches up
the phase of 1ts own synchronization timer with the phase of
a synchronization timer included 1n the received synchroni-
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zation signals and participates in the transmission of a
synchronization signal through the aforementioned random
access procedure at step S2130. In this case, the terminal
may perform the synchronization maintenance and manage-
ment procedure S420 of FIG. 4 because 1t has joined group
of terminals in synchrony.

If, as a result of the determination at step S2110, a
synchronization signal 1s not detected, the terminal deter-
mines that there 1s no terminal which sends a synchroniza-
tion signal. In this case, the terminal arbitrarily selects the
phase value of 1ts own synchronization timer at step S2140.
Furthermore, the terminal may start the transmission of a
synchronization signal using the aforementioned random
access procedure and perform the synchronization mainte-
nance and management procedure S420 of FIG. 4.

If, as a result of the determination at step S2120, the
synchronization signals are not transmitted by a synchro-
nized terminals, the terminal arbitrarily selects the phase
value of 1ts own synchronization timer at step S2150.
Furthermore, the terminal performs a procedure for perform-
ing synchronization with surrounding terminals. For
example, 1 a point of time at which a frame 1is started,
estimated based on a received synchronization signal, 1s not
consistent or the number of points of time at which a frame
1s started 1s plural, the terminal may determine that the
detected synchronization signals have been transmitted by
terminals not synchronized with each other. A method of
arbitrarily selecting the phase value of 1ts own synchroni-
zation timer by the terminal may be a method of selecting a
random real number or a method of arbitrarily selecting one
of the phase values of received synchronization signals.

The terminal sends a synchronization signal 1n a synchro-
nization period according to its own synchronization timer
using the aforementioned random access method. The ter-
minal receives synchronization signals transmitted by sur-
rounding terminals while operating in reception mode
except a case where the terminal sends a synchronization
signal. In this case, since the terminal has not been synchro-
nized with surrounding terminals, the synchronization sig-
nals may be received any locations of a frame 1n addition to
a synchronization period. When a synchronization signal 1s
received, the terminal performs the update of an MIAT, the
update of a value CW __,, and the update of phase value of
its own synchronization timer. The update of the phase value
of the synchronization timer may be performed using the
method of FIG. 19 or another method. After updating the
phase value of the synchronization timer, the terminal does
not send a synchronization signal using random access 1n a
current frame (1.¢., a frame newly determined by the update
of the phase of the synchronization timer), but may perform
random access for the transmission of the synchromzation
signal 1n the synchromization period of a next frame. After
repeating such processes, the terminal may perform the
synchronization maintenance and management procedure
S420 of FIG. 4 if the terminal determines that it has been
synchronized with surrounding terminals. For example, 11 a
synchronization signal 1s periodically received and the point
of time at which a frame 1s started, estimated from the
received synchromization signal, 1s consistently within an
error range for a specific period of time duration, the
terminal may determine that it has been synchromized with
surrounding terminals.

If the terminal 1s synchronized with surrounding terminals
through the initial synchronization procedure, 1t performs
the synchronization maintenance and management proce-
dure (corresponding to S430 of FIG. 4). The synchronization
maintenance and management procedure can prevent a
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timing drift generated due to an error of the oscillators of
terminals and asynchronism attributable to the appearance of
an asynchronous new terminal or interference with a wire-
less network conforming to a different protocol in the same
area. Furthermore, a situation in which asynchronism occurs
may be detected through the synchronization maintenance
and management procedure. A synchronization maintenance
and management procedure 1n accordance with an exem-
plary embodiment of the present invention i1s described
below.

A terminal sends a synchronization signal 1n the synchro-
nization period of a frame using the atorementioned random
access method. The terminal receives synchronization sig-
nals transmitted by surrounding terminals while operating in
reception mode except a case where 1t sends a synchroni-
zation signal. In this case, the terminal receives the synchro-
nization signals 1n the synchronization period because it has
already been synchronized with the surrounding terminals.
Accordingly, the terminal may turn off some of 1ts functions
in a period i which the synchronization signals are not
received 1n order to reduce power consumption.

When a synchronization signal i1s received, the terminal
performs the update of an MIAT, the update of a value
CW__. and the update of the phase value of its own
synchronization timer. The update of the phase value of the
synchronization timer may be performed using the method
of FIG. 19 or 20. In the synchronization maintenance and
management procedure, the phase value of the synchroni-
zation timer after update 1s not greatly different from that of
the synchromization timer prior to the update. Even after
updating the phase value of the synchronization timer, the
terminal continues to perform random access for the trans-
mission ol a synchronization signal 1n a current frame.

While repeating such processes, the terminal continues to
monitor whether synchronization with the surrounding ter-
minals has deviated from an error range. If a synchromization
error exceeds a specific error range, the terminal may start
an 1nitial synchronization procedure or may start a re-
synchronization procedure to be described below. The ter-
minal operating 1n a power consumption reduction mode
may periodically release the power consumption reduction
mode and perform a full scan in at least one frame 1n order
to detect whether 1t has lost synchronmization. If the terminal
has entered the power consumption detection mode after
starting the transmission of a synchronization signal at step
S2140 of FIG. 22 through such periodic full scan, the
terminal may detect a terminal not synchronized with the
terminal.

Frames having different lengths may be used in the
alorementioned initial synchronization procedure and syn-
chronization maintenance and management procedure. For
example, 1 order to reduce the synchronization time
between terminals performing an initial synchromization
procedure, a frame used 1n the initial synchronization pro-
cedure may have a shorter length than a frame used 1n a
synchronization maintenance and management procedure.

If a synchronized terminal 1s out of synchronization due
to a timing driit or interference from a wireless network
conforming to a different protocol in the same area, the
terminal performs the re-synchromization procedure S430 of
FIG. 4. Such a re-synchronization procedure 1s similar to the
initial synchronization procedure, but i1s different from the
initial synchronization procedure as follows. A frame used 1n
the mitial synchromzation procedure may have a diflerent
length from that of a frame used in the synchronization
maintenance and management procedure. In contrast, a
frame used 1n the re-synchronization procedure has the same
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length as a frame used 1n the synchronization maintenance
and management procedure. In the mnitial synchronization
procedure, a radio channel 1s scanned for a specific time
duration in order to determine whether a synchronization
signal 1s present. In contrast, in the re-synchronization
procedure, a scan may not be performed or may be per-
formed for a shorter time duration than the time duration 1n
the 1mitial synchronization procedure.

FIG. 23 1s a diagram showing a terminal 1n accordance
with an exemplary embodiment of the present invention.

As shown 1n FIG. 23, the terminal 2200 1n accordance
with an exemplary embodiment of the present invention

includes a processor 2210, a memory 2220, and an RF
module 2230.

The processor 2210 may be configured to perform the
procedures, methods, and functions described with reference
to FIGS. 1 to 21.

The memory 2220 1s connected to the processor 2210, and
stores various information related to the operation of the
processor 2210.

The RF module 2230 1s connected to an antenna (not
shown), and sends or receives radio signals. Furthermore,
the antenna may be implemented using a single antenna or
a multiple (MIMO) antenna.

While this invention has been described in connection
with what 1s presently considered to be practical exemplary
embodiments, 1t 1s to be understood that the invention 1s not
limited to the disclosed embodiments, but, on the contrary,
1s 1ntended to cover various modifications and equivalent
arrangements 1cluded within the spirit and scope of the
appended claims.
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What 1s claimed 1s:

1. A synchronization method of a first terminal 1 a
distributed wireless communication system, comprising:

recerving first synchromization signals from the first ter-

minal and second terminals different from the first
terminal;

calculating an average inter-arrival time between the first

synchronization signals;

calculating an average contention window of the second

terminals using the first synchronization signals;
setting a first contention window which 1s a contention
window of the first terminal using the average inter-
arrival time and the average contention window; and
determining whether or not to send a synchronization
signal 1n response to the first contention window.

2. The synchronization method of claim 1, wherein deter-
mining whether or not to send the synchronization signal
COmprises:

randomly selecting a backoll counter using the first con-

tention window;

decreasing a value of the backofl counter 1f a channel 1s
idle during backofl slots of a plurality of periods split
from a synchronization period; and

sending the synchronization signal 1f the value of the
backoil counter 1s zero.

3. The synchronization method of claim 2, further com-

prising:

setting the value of the backoil counter as a predetermined
value after sending the synchronization signal; and

updating the first contention window 1ii the set value of the
backofl counter 1s zero.
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